Abstract. Visuo-spatial attention can be directed in a top-down controlled way to search for color targets and it can be captured by color contrasts, regardless of color identity. Here we tested whether participants can both search for a particular color target (e.g., red) and make use of a color-contrast cue that predicted the target's most likely position to direct their attention voluntarily. Our results show that this was impossible for the participants. Results support that top-down search for particular colors is incommensurate with directing attention to just any color contrast. The results are discussed in light of the current debates concerning the roles of color and color contrast for visuo-spatial attention.
In every instance of time, we are confronted with a vast number of visual stimuli but only some of these stimuli are relevant for us. To pursue an action goal, like picking of an apple, for example, it would be necessary if only relevantly shaped and colored stimuli (i.e., a spherical green or red object in case of an apple) could be prioritized. Such selection or prioritization of only specific stimuli for in-depth processing is what is called attention. One of the many questions in attention research concerns the degree to which action goals govern the selection of visual stimuli (Wolfe & Horowitz, 2004) . From a selection of action perspective, it would be ideal if only those stimuli could be selected which are relevant to achieve an action goal. Yet, sometimes a so far irrelevant stimulus requires our immediate attention, regardless of the current action goals, for instance, if it is necessary to alter an action. Think of a suddenly approaching car when you intend to cross a street. Directing your attention immediately to the approaching car would help to prevent a collision by halting and altering of the intended action.
One general characteristic of attention that might serve this goal-independent mode of visual selection is the initial phase of attentional selection. According to the stimulusdriven capture account, any stimulus whose features have a high contrast in color, luminance, or orientation to the visual surround will capture attention, irrespective of this stimulus's relevance for the current goals of the subject (Theeuwes, 1992) . Only after this immediate initial contrast-driven selection of a visual stimulus, an irrelevant distractor stimulus could be identified as what it is (i.e., as being irrelevant) and successfully ignored at the expense of a more restricted representation of only the goal-relevant stimuli. In line with this, an irrelevant singleton stimulus -that is, the one stimulus with a feature different from all other feature-homogeneous stimuli can capture attention. For example, presenting a red irrelevant color-singleton circle among green circles on a display in a computer experiment creates a local feature contrast in color and delays finding a relevant diamond-shaped green target, although participants have no incentive to voluntarily shift their attention to the irrelevant red distractor (Theeuwes, 1992) .
While Theeuwes (1992) thus denies that the initial phase of attention is influenced by action goals or top-down control, Bacon and Egeth (1994) and Folk, Remington, and Johnston (1992) claimed the opposite. According to the view of these authors, attention is entirely determined by top-down control, even during the early phase of attentional selection. Bacon and Egeth (1994) argued that participants can voluntarily search for singletons or feature contrasts in a top-down fashion and that this kind of top-down control accounted for the capture effects found by Theeuwes (1992) . To understand this, consider the typical situation in the experimental task of Theeuwes (1992) . In that study, participants searched for a single angular target shape among shape-homogeneous circular distractors. To solve such a task of finding the odd man out among the shapes, participants could voluntarily set up a search template for a singleton in a top-down fashion. This in turn could be responsible for the capture of attention by the irrelevant color-singletons, too. According to Bacon and Egeth (1994) , an irrelevant color singleton captures attention because it matches the participants' top-down search template for singletons. In line with this explanation, a modification of Theeuwes' (1992) original experimental conditions by the inclusion of different shapes among the distractors (e.g., of triangles, circles, and squares) in one display forced the participants to adopt a feature-search template for diamonds to find the targets. This abolished attentional capture by the irrelevant color singleton (Bacon & Egeth, 1994) .
Another top-down explanation for the initial phase of attentional capture is given by Folk et al. (1992) . These authors argue that attention is driven in a top-down manner, too, but that search templates include target features, such as color. These authors based their conclusions on findings in peripheral cueing experiments. In peripheral cueing, a spatial cue is presented at a position in the periphery of the visual field, just prior to a search array with a relevant visual target, and participants do not exactly know where the target will be located (cf. Jonides, 1981; Posner, 1980) . If the peripheral cue is presented at the same position (SP) as the target, response times (RTs) benefit from the cue because attention is attracted to the cue. This can be seen in comparison to target RTs in conditions with a cue at a different position (DP) than the target. In the DP condition, attention can only be directed to the target location after the target has had its onset.
Crucially, top-down contingent involuntary capture by features has been demonstrated in the peripheral cueing paradigm (Folk et al., 1992) . For example, if participants searched for a red color target a red peripheral cue captured attention -that is, a cueing effect was found with faster RTs in SP than DP conditions. However, a green cue failed to capture attention (Folk & Remington, 1998) . The situation was reversed when a green target was searched for. Now the green cue captured attention but the red cue did not. This finding has been replicated many times and in different laboratories and conditions (for a review, see Burnham, 2007) . According to Folk et al. (1992) , their results reflected the fact that participants had set up search templates in a top-down fashion to search in a goal-directed way for only the relevant target features and ignore the irrelevant distractor features. As a consequence of the goal settings or search templates, only stimuli (e.g., cues) with a top-down matching feature (e.g., the particular searched-for color) capture attention but nonmatching stimuli do not. According to this theory, the fact that the targets and singleton distractors unpredictably switched colors from trial to trial in studies such as that of Theeuwes (1992) could have been responsible for attentional capture by the color singletons in these experiments.
In addition, Folk et al. (1992) think that top-down search templates govern the control of attentional capture also during the initial phase of attentional processing. Among other evidence (cf. Eimer & Kiss, 2008) , this argument is supported by Folk et al.'s (1992; Folk & Remington, 1998) use of color contrasts or color singletons as cues: Both the matching cue and the non-matching cue were individuated by their color among several color-homogeneous stimuli. Because such singleton stimuli can be found very fast and efficiently (cf. Treisman & Gelade, 1980) , it is likely that even the earliest phase of attentional capture is determined by top-down search sets for particular relevant features. According to Folk et al.'s (1992) theory, whenever participants search for a particular feature (such as a specific color) there would be no attentional capture by just any irrelevant feature contrast (such as a color singleton of an irrelevant color), even during the initial phase of attentional processing.
This interpretation, however, is equivocal. Theeuwes, Atchley, and Kramer (2000) noted that cue and target locations were uncorrelated in most of the conditions of Folk et al. (1992) . Thus, the cue did not predict the target position with a better than chance likelihood and it paid for the participants to willingly ignore the cue as good as possible. What is more, during the small temporal interval between cue and target, both kinds of color-contrast cues, matching and non-matching color-singleton cues, could have initially captured attention. However, due to the fact that it did not pay to attend to the singleton cues, as soon as this stimulus-driven phase of attentional capture was over, voluntary control over attention would have ensured that at least the feature-irrelevant, non-matching, and uninformative singleton cue was quickly discarded from further processing and attention detached from this cue's position. Theeuwes and colleagues (2000) referred to this second phase of attentional processes as the deallocation of spatial attention from the cue. By contrast to the non-matching cue condition, a closer fit between the top-down search templates and the matching cue delayed this kind of quick cue-target discrimination and the subsequent deallocation of attention from the matching cue. Hence, a cueing effect with better performance in SP than DP conditions was found with the matching cues.
The aim of the present study is to test whether this twophase process of first stimulus-driven singleton capture of attention by any singleton cue and subsequent deallocation of attention from such a cue can be confirmed, or whether Folk et al. (1992) were right that the capture effect of a singleton stimulus is entirely governed by top-down contingent capture. If Theeuwes et al. (2000) are right and over time initial singleton capture gives way to subsequent top-down controlled deallocation, a non-matching singleton cue should first always capture attention and the participants could afterwards voluntarily control whether they maintain attention at this cued position or deallocate attention away from this cued position. Therefore, it should be possible to find evidence for capture by a non-matching singleton cue if this cue predicts the target position. If the non-matching singleton cue is shown 100% of the time at the SP as the target (100% SP condition), the stimulus-driven capture theory predicts that attention should be first shifted to this cue and secondly maintained at the singleton-cue position until the target is shown because in contrast to the standard conditions with an uninformative cue it would be paying to maintain attention at the cue's position. This should lead to an RT advantage in comparison to a situation in which the non-matching singleton cue predicts a target at a DP, here: opposite of the cue (100% DP condition) because in this alternative informative 100% DP condition, the nonmatching singleton cue would first attract attention to its own position and only then participants could willingly deallocate attention away from this cue and shift it to the target. To be precise, with an informative 100% DP cue, participants would be encouraged to deallocate their attention after initial capture and shift their attention to the opposite side in each and every trial. In other words, between blocks with 100% SP and blocks with 100% DP cues, we should find evidence for attentional capture even by nonmatching singleton cues in the form of a cueing effect -that is, an SP-DP difference with better performance in SP than DP conditions. Also, if it is true that standard procedures with uninformative cues (e.g., Folk et al., 1992) encouraged the participants' deallocation of attention, we should find no cueing effect of the non-matching singleton cues in uninformative control blocks in which cue and target positions were uncorrelated. In the uninformative blocks, the stimulus-driven attentional capture theory predicts that no SP-DP difference is found in the non-matching condition because here deallocation would be taking effect in both SP and DP conditions to similar extents. In other words, according to the stimulus-driven capture theory, the SP-DP difference of the non-matching cues should increase from uninformative to informative blocks.
By contrast to these predictions, Folk et al.'s (1992) theory holds that even the initial phase of attentional selection is governed by top-down contingent capture for particular relevant features. According to this view, a non-matching singleton cue could fail to capture attention even if it predicts the target with 100% certainty, if the participants are forced into a feature-search mode, and if the feature-search mode is incommensurable with the singleton-search mode. If this is the case, the non-matching cue should fail to capture attention in any of the blocks, informative as well as uninformative blocks.
Experiment 1
To test these predictions in the present study, our participants had to search for a predefined color target with a non-singleton color (cf. Lamy, Leber, & Egeth, 2004) . Different from the procedure of Folk et al. (1992) , if the color target is of a non-singleton color, a feature-search set for the target color is without alternative and participants cannot search for a (color) singleton to find the target (cf. Bacon & Egeth, 1994) . As in Folk and Remington's (1998) study, two types of singleton cues were used. The task-set matching singleton cue was of the same color as the target. The non-matching singleton cue was differently colored than the target. Between blocks, we manipulated this cue's informativeness about the target's most likely location (cf. Ansorge, Kiss, Worschech, & Eimer, 2011) . In the 100% SP block, the peripheral cue was shown at the target location in all of the trials. In the 100% DP block, the cue appeared at the location diagonally opposite of the target position in all trials. In addition, we used a standard condition block in which cue and target locations were uncorrelated and cues thus did not inform about the target's most likely position.
Methods Participants
Fifteen paid participants (10 female) with a mean age of 25 years were tested. All of them reported normal or correctedto-normal sight. The experiment was conducted in the Brain and Behaviour Lab, Birkbeck College London.
Stimuli and Procedure
Stimuli were shown on a TFT LCD monitor with a refresh rate of 60 Hz against a black background (< 1 cd/m 2 ). A small gray square (CIE color coordinates = .281/.303) in the center of the screen was presented throughout the trials and served as the fixation point. In each trial, two displays (each of 50 ms duration) were presented in succession, first a cue display and second a target display, with a blank interval of 150 ms between them (see Figure 1 ). Both displays contained six stimuli on six fixed positions. The positions were located equally distant from one another on an imaginary circle of 4.4°radius centered on fixation. Stimulus positions were the same for cue and target displays, so that each stimulus of the cue display was replaced by a stimulus of the subsequent target display.
Each stimulus in the cue display covered an area of 0.8°· 0.8°of visual angle. In each trial, one of these stimuli was the color-singleton cue. The five remaining stimuli were gray. Two equi-probable color-singleton cues were used per participant -one that matched the current searched-for target color, and one that did not match the searched-for target color. The two possible cue colors were selected from a set of six colors: red (.640/.347), green (.261/.561), yellow (.449/.455), purple (.298/.147), turquoise (.210/.310), and blue (.151/.107). The identity of matching and non-matching cue colors was counterbalanced across participants. Color-singleton cues appeared randomly and equi-probably Figure 1 . Example of the sequence of events in an SP (same cue-target position) trial with target-color matching singleton cue (both stimuli are red, depicted as similar dark shades of gray, top) and in a DP (different cue-target positions) trial with non-matching color-singleton cue (the cue is green, the target red, depicted as different shades of gray, bottom). Cue displays contained one colorsingleton among gray items. Target displays contained one searched-for relevant non-singleton color target.
at one of the four lateral positions on the left or right of the fixation, but never at the top or bottom positions.
The target display contained six differently colored rectangles. Each stimulus in the target display covered an area of 1.3°· 0.5°of visual angle. The colors of the rectangles were taken from the same set of colors as those of the cue displays. Three of the rectangles were horizontally and three were vertically aligned. The target was defined by color. The targetdefining color was balanced across participants. Participants had to search for this color to find the target because each of the color-heterogeneous distractors in the target display took on a different color. The target was thus a non-singleton and it could not be found by searching for a singleton (Bacon & Egeth, 1994) . The target was also randomly shown at one of the four lateral (left and right) positions.
Participants discriminated whether the searched-for color target were horizontally or vertically aligned by pressing one of two keys which were placed one above the other in front of the participants. The assignment of buttons to the target orientations was balanced across participants.
On two thirds of the trials the color-singleton cue indicated the target's position within the upcoming target display. In half of these (one third of all trials), the 100% SP block, the singleton cue was always shown at target position. In another half of these (also one third of all trials), the 100% DP block, the singleton cue was always shown at a position diagonally opposite of the target. For example, the cue was presented at the upper left position and the target was shown at the lower right position. Together, the 100% SP and 100% DP blocks made for the conditions in which the cue indicated the target position and hence the cue was informative.
On the remaining third of all trials, in the uninformative block, the position of the color-singleton cue was uncorrelated to the target position. In this condition, the cue was uninformative with respect to the target position.
The different levels of the variable cue informativeness (100% SP, 100% DP, uninformative) were blocked because prior to each block, participants were informed of the singleton cue's informative value for the target and they were instructed to use the cue to improve their performance in the informative blocks. This means the participants were told that they would ideally shift their attention to the cue and maintain attention at the cued location in the 100% SP block, and that they had to shift their attention to the position diagonally opposite to the cue in the 100% DP block as good and as quickly as possible. In the uninformative block, the participants were advised to ignore the cues because the cues did not inform about the target location at all. The order of the different blocks was balanced across participants.
Each block consisted of seven mini-blocks in a row. Each of the mini-blocks consisted of 64 trials. In the uninformative blocks, the 64 trials corresponded to a pseudorandom sequence of trials, combining 4 (target locations) · 4 (cue locations) · 2 (target orientations) · 2 (cue colors). In the informative block, each cue location was tied to a target location. Thus, pseudorandomized sequences concerned trials combining (three repetitions of) 4 (cue locations) · 2 (target orientations) · 2 (cue colors). The first of each of the seven mini-blocks of one type was used for the training of the participant and excluded from the analysis. Hence, 384 (64 trials · 6 blocks) trials per level of the variable cue informativeness were submitted to the analysis.
Participants were instructed to respond quickly and accurately. Fixation had to be maintained throughout the experiment. Feedback about the mean speed and the mean number of errors was provided after each mini-block. Testing took place in a dimly lit and sound-attenuated cabin.
Results
See Figure 2 and Appendix for the results. RTs faster than 100 ms or slower than 1,500 ms were discarded (4.0%). Correct mean RTs were submitted to a repeated-measures ANOVA, with the within-participant variables cue position relative to the target (SP, DP), set matching of the cue (matching, non-matching), and cue informativeness (100% informative, uninformative). (A second similar ANOVA was restricted to the opposite-cue-target position conditions of the uninformative DP blocks because only these DP conditions were used in the informative 100% DP blocks, too. The results of this ANOVA and its post hoc t-tests are given in parentheses, and the means and SDs of both ANOVAs can also be found in Appendix.) The ANOVA revealed that the cues captured attention. There was a significant main effect of position, F(1, 14) = 9.05, p < .01, partial g 2 = 0.39 (F[1, 14] = 15.14, p < .01, partial g 2 = 0.52), with faster responses in SP (RT = 534 ms) than DP (RT = 551 ms) conditions. The non-matching cues were also beset with an RT cost because there was also a significant main effect of set matching, F(1, 14) = 29.57, p < .01, partial g 2 = 0.68 (F[1, 14] = 16.40, p < .01, partial g 2 = 0.54), with faster responses in matching (RT = 536 ms) than in non-matching (RT = 549 ms) conditions. Top-down contingent capture was also confirmed. There was a highly significant interaction between position and set matching, F(1, 14) = 124.46, p < .01, partial g 2 = 0.90 (F[1, 14] = 78.92, p < .01, partial g 2 Figure 2 . Mean reaction times (RTs; left panels) and error rates (right panels) with their standard errors (bars) for spatially uninformative and spatially informative cues, separately for the two different cue types (set-matching or non-matching; solid and dashed lines), and for blocks where cues and targets were located at the same position (SP) or at different positions (DP) of Experiment 1. = 0.85). Only the matching cues captured attention, with faster responses in SP (RT = 514 ms) than DP (RT = 558 ms) conditions, t(14) = 7.07, p < .01 (t[14] = 7.61, p < .01). By contrast, with non-matching cues, this capture effect was numerically but nonsignificantly reversed, with higher RTs in SP (RT = 554 ms) than in DP (RT = 544 ms) conditions, t(14) = 1.84, p = .09 (t < 1.00). In addition, there was a trend toward a significant main effect of informativeness, F(1, 14) = 3.24, p = .10, partial g 2 = 0.19 (F = 6.06, p < .05, partial g 2 = 0.30), with numerically lower RTs in informative (RT = 533 ms) than in uninformative (RT = 552 ms) blocks. Importantly, however, informativeness about the target's most likely position failed to increase the capture effect. Informativeness did not significantly interact with position, F < 1.00 (F < 1.00). The two-way interaction between informativeness and set matching, F < 1.00 (F < 1.00), and the three-way interaction, F(1, 14) = 1.91, p = .19 (F < 1.00), were also not significant. A corresponding analysis of the arc-sine transformed error rates (ERs) confirmed that top-down contingent capture took effect. There was a significant two-way interaction between the variables set matching and position, F(1, 14) = 6.58, p = .05, partial g 2 = 0.32 (F[1, 14] = 9.85, p < .01, partial g 2 = 0.41). Only the set-matching cue led to numerically but not significantly better performance in SP (ER = 4.9%) than DP (ER = 5.1%) conditions, t < 1.00. By contrast, with the non-matching cue, we found significantly lower mean correct performance in the SP (ER = 6.0%) than in the DP (ER = 4.3%) condition, t(14) = 3.36, p < .01. A three-way interaction of all variables, F(1, 14) = 8.91, p < .05, partial g 2 = 0.39 (F[1, 14] = 6.44, p < .05, partial g 2 = 0.32), demonstrated that this sort of cost incurred by the non-matching cue in the SP as compared to the DP condition was restricted to the informative of the non-matching cueing conditions, (SP: ER = 6.3%; DP: ER = 4.0%), t(14) = 3.20, p < .01. By contrast, SP and DP conditions did not significantly differ in any of the matching conditions, both ts(14) < 2.00, both ps > .07, or in the uninformative nonmatching conditions, t < 1.00.
Discussion
The present experiment showed that when participants searched for a specific color to find a non-singleton target, their attention was not captured by a non-matching singleton cue. The participants were in fact not even able to strategically use either the non-matching or the matching singleton cue. The cue only captured attention in the matching conditions. This was probably due to the matching of the cue's color to the search settings that the participants had set up for the targets (see also Experiment 2). These findings support the conclusions of Folk et al. (1992) that even the initial phase of attentional capture is governed by top-down search templates for cue features. The present results are thus at variance with prior findings by Ansorge et al. (2011) . Ansorge et al. found that an informative singleton cue captured more attention than an uninformative singleton cue. This was found for both matching and non-matching cues. One crucial difference between the present study and that of Ansorge et al. (2011) seems to be the search mode of the participants. In Ansorge et al. (2011) the participants also searched for the target colors to find the target. This was reflected in the selective presence of a capture effect by cues with a set-matching color and the absence of capture by cues with a non-matching color. However, the targets in Ansorge et al. (2011) were also singletons. Thus, participants in that study could have used a singleton-search mode to locate the singleton cues and the singleton targets. This singletonsearch mode was evidently the strategy that the participants chose to make use of the informative cues. However, as an explanation of the fact that the participants kept the featuresearch modes even in the informative blocks of Ansorge et al. (2011) , it turned out that the strategic use of the singleton status in the informative blocks was beset with a slight delay relative to top-down contingent capture by color. This was evident in the event-related potentials in which attentional capture by color started earlier than stronger capture by informative as compared to uninformative singleton cues. Because singleton search was not an option to find the targets in the present experiment, the difference between the findings in Ansorge et al. (2011) and the current Experiment 1 suggests that feature search for color is incommensurate with singleton search.
In any case, the present findings are also clearly at odds with the notion that feature contrasts (here color singletons) could attract attention in a stimulus-driven way (cf. Theeuwes, 2010) and that deallocation after uninformative singletons falsely suggested the lack of capture by nonmatching singleton cues. If that were true, we should have found a capture effect by the non-matching singletons in a comparison of the 100% SP and the 100% DP blocks. This was clearly not observed. If anything, we found a slight trend toward an opposite effect in the ERs.
Moreover, even attentional capture (i.e., the cueing effect) of the matching cue was barely affected by the informativeness of the cue for the target position: Whether the cue informed about a target at its position (in the 100% SP condition) or about a target at its diagonally opposite position (in the 100% DP condition) or whether the cue was uncorrelated with the target position and, thus, uninformative did not significantly alter the cueing effect in the RTs. This is in contrast to a previous study in which the targets were singletons and it was therefore possible to search for the targets as singletons (cf. Ansorge et al., 2011) . Because in our previous study, the participants were able to use a singleton cue strategically, the present results point to an incommensurability of two different search sets, one for a particular non-singleton color and a second one for the use of a singleton for the voluntary direction of attention.
However, one could also argue that the lack of an influence of informativeness on the matching cue's capture effect reflected a non-attentional origin of the cueing effect. After Experiment 1, it is not clear whether the cueing effect indeed reflected the capture of attention. The cueing effect could have also reflected an interaction of two types of sensory priming: color and location priming. To start with, the matching cue (but not the non-matching cue) had the same color as the target within a trial. The matching cue could thus have primed target-color recognition. For example, the prime could have pre-activated sensory detectors for the target color because the same color detectors were also subsequently used within the same trial for the recognition of the target. As a consequence of such sensory priming, the threshold for the detection of the color-defined target could have been lower after the matching cue than without sensory priming (after a non-matching cue). Moreover, it is also possible that sensory priming by the cue's position interacted with sensory priming by its color. If the color detectors operated in a location-specific way, sensory color priming by the matching cue could have been proportional to the similarity of cue and target positions. According to this argument, sensory color priming by the matching cue would have been stronger in the SP condition than in the DP condition. As a consequence, the cueing effect of Experiment 1 could have reflected mere sensory priming and no attentional capture at all. Experiment 2 was run to rule out this alternative explanation of the present results.
Experiment 2
Experiment 2 is a replication of Experiment 1 but with a decisive difference. Within every trial of Experiment 1, a matching cue had the same color as the target. Therefore, it is not clear whether the color-similarity between cue and target within a trial (i.e., sensory priming) or whether the color-similarity between cue and top-down search template (i.e., attentional capture) was responsible for the cueing effect in the matching condition. To discern between these two possibilities, we included two to-be searched-for target colors (e.g., red and green targets) per each participant and used two kinds of set-matching cues: cues with a color matching the set and similar to the actual trial's target color (e.g., a red cue when a red target was presented) and cues with a color matching the set and dissimilar from the actual target color (e.g., a red cue when a green target was presented) (cf. Ansorge & Heumann, 2003; Ansorge & Horstmann, 2007) . In this manner, we can track down the cueing effect of the matching cue to attentional capture as its origin: If a cue's match to the search settings for target colors leads to attentional capture, and if this accounted for the cueing effect, a cueing effect with better performance in SP than DP conditions was expected in all of the matching conditions, with a cue that was color-similar as well as with a cue that was color-dissimilar to the target within the same trial. If, however, more sensory within-trial priming of the target color by a preceding cue color and at the SP as compared to a cue of the same color and at a DP (and as compared to a cue with a color different from that of the target) accounted for the cueing effect, we should find the cueing effect of the matching cues in the cue-target color-similar trials but not in the cue-target color-dissimilar trials of the present experiment. Non-matching singleton cues were also included. If contingent capture holds true, we again expected no attentional capture by the non-matching cues.
Methods Participants
Twenty-six participants (23 female) with a mean age of 22 years were tested. All of them reported normal or corrected-to-normal sight. The experiment was conducted at the vision laboratory of the Psychological Department at the University of Vienna.
Stimuli and Procedure
Stimuli and procedure were the same, except for the following differences. First, stimuli were shown on a CRT monitor. Second, only four different colors were used as target and cue colors, red (.619/.333), green (.295/.579), yellow (.449/.454), and blue (.151/.107, as before). For each participant, two of these colors served as target colors and were also used for the matching color-singleton cues, whereas one of the remaining colors was used for the non-matching singleton cue. Which colors were used for the targets (and matching cues) and which color was used for the nonmatching cue were balanced across participants. Third, one gray distractor (CIE coordinates were the same as in Experiment 1) was shown per each of the target displays. (This was necessary to keep the number of used colors and stimuli the same as in Experiment 1.) Finally, responses were given by pressing either the left or right control key of a standard computer keyboard, and feedback about the speed and the correctness of the response was given immediately after every trial. In case an error had occurred, participants saw the message ''Wrong key!'' for 750 ms on the screen, and in case their RT exceeded 1,250 ms, the message ''Please respond faster'' was shown (also for 750 ms).
Results
See Figure 3 and Appendix for the results. One participant had to be excluded because of conducting more than 20% errors on average. RTs faster than 100 ms or slower than 1,500 ms were discarded (0.9%). Correct mean RTs were submitted to a repeated-measures ANOVA, with the within-participant variables cue position relative to the target (SP, DP), set matching of the cue (matching/similar, matching/dissimilar, and non-matching), and cue informativeness (100% informative, uninformative). (Again results of a second ANOVA with only the opposite-cue-target position conditions of the uninformative DP blocks plus its post hoc t-tests are given in parentheses.)
The cues captured attention: The main effect of position, F(1, 24) = 49.40, p < .01, partial g 2 = 0.67 (F[1, 24] = 49.33, p < .01, partial g 2 = 0.67), was due to faster responses in SP (RT = 570 ms) than DP (RT = 609 ms) conditions. Again, there was also a significant main effect of set matching, F(2, 48) = 43.21, p < .01, partial g 2 = 0.64 (F[2, 48] = 34.11, p < .01, partial g 2 = 0.59): The participants needed more time to find a target after a matching cue with a targetdissimilar color (RT = 612 ms) than after a matching but target-similar color cue (RT = 564 ms); the search times with the non-matching cues lay in-between (RT = 593 ms); all three pairwise ts(24) > 3.40, all ps < .01. Crucially, top-down contingent capture was also found. It was reflected in a significant interaction between position and set matching, F(2, 48) = 56.35, p < .01, partial g 2 = 0.70 (F[2, 48] = 15.78, p < .01, partial g 2 = 0.67). Both matching cues captured attention, with faster responses in SP (target-similar cue color: RT = 530 ms; target-dissimilar cue color: RT = 584 ms) than DP (target-similar cue color: RT = 597 ms; target-dissimilar cue color: RT = 640 ms) conditions. Both of these SP-DP differences were significant, ts(24) > 7.20, ps < .01 (ts[24] = 7.30, ps < .01). By contrast, with non-matching cues, this capture effect was numerically but nonsignificantly reversed, with higher RTs in SP (RT = 596 ms) than in DP (RT = 590 ms) conditions, t < 1.00 (t < 1.00).
In addition, there was a significant two-way interaction between informativeness and matching, F(2, 48) = 6.21, p < .01, partial g 2 = 0.21 (F[2, 48] = 5.46, p < .01, partial g 2 = 0.19). It reflected that only with a matching cue of a target-dissimilar color RT was significantly facilitated in informative (RT = 602 ms) as compared with uninformative (RT = 622 ms) blocks, t(24) = 2.15, p < .05 (t[24] = 2.27, p < .05). By contrast, no corresponding facilitation was observed for matching target-color similar cues (informative: RT = 563 ms; uninformative: RT = 564 ms) and for non-matching cues (informative: RT = 594 ms; uninformative RT = 592 ms), both nonsignificant ts < 1.00 (ts < 1.00).
There was no significant main effect of informativeness, F < 1.00 (F > 1.00), and informativeness did also not increase the capture effect: The two-way interaction with position, F(2, 48) = 1.97, p = .17 (F[2, 48] = 1.40, p = .25), and the three-way interaction of all variables, F < 1.00 (F[2, 48] = 1.06, p = .35), were not significant.
A corresponding analysis of the arc-sine transformed ERs led to very similar results, with one exception. First, with respect to the similarities, there were significant main effects of position, F(1, 24) = 14.45, p < .01, partial g 2 = 0.38 (F[1, 24] = 10.75, p < .01, partial g 2 = 0.31), and of set matching, F(2, 48) = 14.89, p < .01, partial g 2 = 0.38 (F[2, 48] = 13.72, p < .01, partial g 2 = 0.36) as before. The cues captured attention: ER was lower in SP (ER = 5.8%) than DP (ER = 8.0%) conditions. In addition, performance was better in matching cue-target color-similar (ER = 4.8%) than in matching cue-target color-dissimilar (ER = 9.0%) conditions, with the non-matching cueing condition in-between these two (ER = 6.9%); all three pairwise comparisons being significant, all ts(24) > 2.40, all ps < .05.
Second, once again, contingent capture was corroborated by a significant Position · Set-Matching interaction, F(2, 48) = 26.17, p < .01, partial g 2 = 0.52 (F[2, 48] = 15.03, p < .01, partial g 2 = 0.39). We observed significant standard capture effects of the matching cue, with better performance in SP (target-color similar cue: ER = 3.4%; target-color dissimilar cue: ER = 6.0%) than in DP (target-color similar cue: ER = 6.3%; target-color dissimilar cue: ER = 12.0%) conditions, both significant ts(24) > 4.60, both ps < .01 (both ts[24] > 3.00, both ps < .01), but a reversed SP-DP difference in the non-matching condition, with better performance in DP (ER = 5.8%) than in SP (ER = 8.0%) conditions, t(24) > 2.70, p < .05 (t[24] = 1.42, p = .17).
Third, we also found a significant main effect of informativeness, F(1, 24) = 8.32, p < .01, partial g 2 = 0.26 (F[1, 24] = 3.39, p = .08, partial g 2 = 0.12), but this effect was different from that in the RTs. Performance was better in the uninformative (ER = 6.2%) than in the informative (ER = 7.6%) condition. Also, an almost significant interaction between informativeness and set matching, F(2, 48) = 2.60, p = .09, g 2 = 0.10 (F < 1.00), reflected a trend that the difficulties with the singleton cues in the informative as compared to the uninformative blocks were created by matching target-similar cues (informative: ER = 5.5%; uninformative: ER = 4.1%) and non-matching cues (informative: ER = 8.1%; uninformative: ER = 5.7%) and less so by matching target-dissimilar cues (informative: ER = 9.1%; uninformative: ER = 8.9%).
Again, informativeness was without effect on capture, as reflected in the absence of a two-way interaction between position and informativeness, F < 1.00 (F < 1.00), and of a three-way interaction of all variables, F < 1.00 (F[2, 48] = 1.02, p = .37).
Discussion
Experiment 2 confirmed that capture was restricted to the set-matching conditions and absent in the non-matching conditions. At variance with the stimulus-driven capture theory, we were also again not able to demonstrate a capture effect as a difference between the informative blocks with 100% SP and the informative blocks with a 100% DP Figure 3 . Mean reaction times (RTs; left panels) and error rates (right panels) with their standard errors (bars) for spatially informative and spatially uninformative cues, separately for the three different cue types (set-matching/ color-similar, set-matching/color-dissimilar, or non-matching; solid black, solid gray, and dashed black lines), and for blocks where cues and targets were located at the same position (SP) or at different positions (DP) of Experiment 2.
cue. In addition, the results also corroborated that the SP-DP differences of the matching cues reflected top-down contingent capture. These cueing effects were due to the matching of the cue colors to a set of searched-for target colors. This was reflected in about similar amounts of capture of attention by set-matching cues with a color similar to that of the actually presented target and by set-matching cues with a color dissimilar to that of the actually presented target. This result fits to the top-down contingent capture account because participants did not know in advance which target was to be presented in a trial, so that they had to search for both target colors. As a consequence, cues of both these colors captured attention regardless of the subsequently presented target color. This rules out that a combination of color and location priming within a trial provided a better explanation for the cueing effect than top-down contingent capture of attention. If combined color and location priming of the target by the cue color within a trial would have been responsible for the cueing effect of the cues, the cueing effect should have been only present for cues with a color similar to that of the subsequent target within a trial but the cueing effect should have been absent for cues with a color dissimilar to that of the subsequent target within a trial because only with a similar color within a trial could the cue have perceptually primed the recognition of the target color, for example, by a lowering of the recognition threshold for the target color.
In addition, again, the cueing effect was not significantly affected by the informativeness of the cues about the target positions. Of course, the conditions in the present experiment with its two to-be searched-for colors were very difficult. This might have added to the participants' inability to strategically use the informativeness of the cues. However, because the participants were also unable to use the cues strategically in Experiment 1, it is evidently enough that a search set for color is enforced to prevent an additional cueing effect based on the informativeness of the singleton cues.
General Discussion
The present experiments were conducted to test whether participants can search for a color-defined target and make use of a color-singleton cue to voluntarily direct their attention to this cue or away from it under the same conditions. It was found that this was impossible. Our participants had to search for a target with one particular known color (in Experiment 1) or two known colors (in Experiment 2). Under these conditions, an informative color-singleton cue that predicted the location of the target in 100% of the trials facilitated responses slightly in comparison with a condition with an uninformative color-singleton cue (which latter's position was uncorrelated with the target position). However, in Experiment 2 this facilitation was restricted to the RTs of the dissimilar set-matching cues, and it was even reversed for the ERs in Experiment 2. This is additional evidence that the participants struggled to make use of the informative cues above maybe a weak bias effect to respond faster when the cue was informative.
In line with this, an informative cue neither increased the cue's capture effect in Experiment 1 or 2 -that is, informativeness did not increase the cue's facilitation in the SP as compared to the DP conditions. Thus, informativeness of the cues neither led to a more frequent direction of attention to the singleton cue nor to a longer maintenance of attention at the cue. This finding holds true for the non-matching cues, too, and is thus at variance with the assumption that attention is first captured by the non-matching cue, and then only deallocated away from the cue because cue and target positions are uncorrelated. If this assumption of the stimulus-driven capture theory would have held true, we should have found a cueing effect, with better SP than DP performance in the informative blocks with non-matching cues.
In fact, the only significant effect of the informativeness of the cue on the difference between the SP and the DP conditions was of the opposite type, that is, a significantly higher error rate in SP than DP conditions with a non-matching informative cue in Experiment 1. This effect could have reflected active suppression of the irrelevant color-singleton cue that subsequently delayed responding to the target at the SP. However, this effect might also have reflected top-down contingent deallocation: If participants would have been able to direct their attention toward the position opposite of a non-matching singleton without even shifting attention to the non-matching singleton in the first place, a small advantage of target search performance in 100% DP as compared to 100% SP conditions could have reflected an impact of the cue's informativeness on its capture. Note, however, that this result of Experiment 1 was only replicated in Experiment 2's ERs, meaning that it is not entirely clear under which condition the effects can be observed. Importantly, note also that this explanation would NOT be in line with the standard stimulus-driven capture view because the stimulus-driven capture view holds that an irrelevant singleton first attracts attention and that therefore shifting attention to the indicated position on the opposite side of the screen would have to trail behind initial capture toward the cue and could never facilitate finding the target in the 100% DP as compared to a 100% SP non-matching cueing condition. In other words, if we assume that a shift of attention toward the diagonally opposite side of the 100% DP nonmatching singleton cue was responsible for the reverse SP-DP difference in the 100% DP non-matching cueing conditions, we have to assume that capture by singletons is top-down controlled in yet one additional way: Not only would it be possible for the participants to restrict their initial capture to the stimuli with a relevant feature (the matching cues), but also would it be possible to choose very quickly and possibly even in advance of the cue where to shift attention, at least in the non-matching conditions in which no similarly colored target would ask for a different shifting direction toward the same feature within the next couple of milliseconds.
How can the absence of the effect of informativeness on capture that was observed in all other conditions, too, be explained? First, one might think that the cues simply failed to capture attention. This, however, is at odds with the findings in the set-matching conditions. In the set-matching conditions, a cueing effect was observed. RTs were lower in SP than DP conditions. Also, in Experiment 2, we were able to demonstrate that this effect was likely due to contingent capture and not to a combination of position and color priming. Second, however, it could be that the participants simply failed to understand that the cue's informativeness about the targets varied. This, however, does not tally with two observations from the present experiments and one from a prior experiment. First, in the present study, both the significantly higher error rate only in informative non-matching SP than DP conditions but not in uninformative non-matching SP than DP conditions of Experiment 1, and the selective significant facilitation of RTs by an informative set-matching/dissimilar singleton cue as compared to any uninformative singleton cue in the present Experiment 2 showed that the informativeness of the cues affected the performance of our participants. In addition, in a recent study, Ansorge et al. (2011) found that both a set-matching and a non-matching color-singleton cue captured attention to a larger degree if these cues informed about the likely target position than if these cues were uninformative (see also Warner, Juola, & Koshino, 1990) . In the matching conditions of Ansorge et al. (2011) , the cueing effect (RT [DP]-RT [SP]) increased by 25 ms from 34 ms in the uninformative to 61 ms in the informative conditions, and in the non-matching conditions of that study, the cueing effect increased by 26 ms from 10 ms in the uninformative to 36 ms in the informative conditions; F(1, 15) = 14.33, p < .01, for the interaction of position and informativeness in Ansorge et al. (2011) . In Ansorge et al.'s prior study, however, the targets and the cues were singletons. This was achieved by presenting the color target as a singleton among gray distractors, too. Thus, in that study, it was possible for the participants to use a commensurate top-down search set for (a) finding the targets as singletons and (b) to locate the cues as singletons (and in addition of the targets). We think that this is the decisive difference between the present study and our prior study that found larger capture by informative than uninformative cues or singletons (cf. Ansorge et al., 2011; Folk et al., 1992; Yantis & Egeth, 1999) . By contrast, in the present study the necessity that the participants maintained a search set for a specific target color prevented the use of a search set for any color singleton in the informative conditions. This conclusion is also supported by the significant cost that was incurred by the non-matching singleton cues which was more likely indicative of an active inhibition of the non-matching singletons (cf. Lamy et al., 2004) than of a top-down selection of the particular shifting direction of attention.
The difference between the present findings and the results of Warner et al. (1990) is likely of an alternative origin. Warner et al. were able to demonstrate a strategic use of the cues, with faster responses in highly predictive DP than lowly predictive SP conditions. In their DP conditions, Warner et al. presented non-singleton targets in 80% of the trials at a location opposite of the cue. The DP conditions were thus also highly informative. In their SP conditions, these authors presented the target in 20% of the trials at a location near the cue. The SP conditions were thus also less informative. Thus, the factors of (1) the likelihood of a particular cue-target position relation and (2) the informativeness or the cue were fully confounded. As a consequence, the reversed cueing effect, with better performance in informative DP than less informative SP conditions of Warner et al. (1990) , probably partly reflected the costs of processing of a stimulus at an unexpected location. By contrast, different cue-target location expectancies could not have contributed to the SP-DP differences between the informative blocks of the present study.
In conclusion, our results are best in line with Folk et al.'s (1992) contingent capture theory. According to this theory, if the participants have to search for a particular feature, like a specific color, attentional capture by a singleton with a non-matching feature is prevented. At the same time, the present results are therefore at variance with Theeuwes et al.'s (2000) proposed two-step process of stimulus-driven attentional capture by singletons followed by deallocation. The explanation of Theeuwes et al. implies that the participants can voluntarily control whether to maintain their initially captured attention at the position of an irrelevant singleton or whether to deallocate attention from such a singleton (see also Theeuwes, 2010) . If this sequence of shifting and deallocation would have indeed taken place only in the uninformative and in the 100% DP conditions, we should have found faster RTs in the informative 100% SP than 100% DP conditions, because only in the 100% DP conditions, an additional deallocation of RTs would have added to the target RTs. By contrast, capture of attention by a non-matching singleton without subsequent deallocation in the 100% SP condition should have even facilitated the responses. Clearly, the evidence falsified this possibility, also in the non-matching conditions: If any performance was better in non-matching DP than SP conditions of Experiments 1 and 2. 
